Abstract: This paper provides evidence that the combination of land-use restrictions and an increasing demand for housing can create incentives to induce forest fires as a means to circumvent regulation and increase the supply of land available for residential construction. I estimate the effect of the price of housing on the incidence of forest fires using Spanish data by region for 1991-2005. The results suggest that higher house prices led to a significant increase in the incidence of forest fires in a region. I also find that the increased incidence of forest fires led to a subsequent reduction in forest area and an increase in urban land area. This evidence supports the claims often found in the media that property speculators trying to build in forest land may be behind the recent increases in the incidence of forest fires in Mediterranean countries.
Introduction
A sizeable recent literature addresses the relationship between economic growth and environmental quality.
1 Empirical studies typically use cross-country data to study the reduced-form relationship between per capita income and some measure of environmental quality, typically air (or water) quality.
2 Economic theory suggests that this relationship is less than straightforward, particularly since different sources of economic growth can lead to different shapes of the relation between growth and the environment. For this reason, Copeland and Taylor (2004) stress the need for empirical studies to clarify the causal mechanisms involved rather than merely document the shape of the association.
The contribution of this study is to shed light on a very specific channel through which economic growth can affect environmental quality. The status of forests is a key environmental indicator in many countries that is rarely analyzed in the literature. An exception is found in Koop and Tole (1999) , who analyze the association between per capita income and deforestation, finding some empirical support for a U-shaped relationship between the two.
As mentioned, Copeland and Taylor (2004) suggest empirical studies should move from merely documenting the reduced-form shape of such a relationship to uncovering the causal mechanisms at work. In this line, this study focuses on a very specific mechanism that can lead to a relationship between economic growth and deforestation. Certain sources of economic growth can induce pressures to increase the supply of available land, for instance 1 See Copeland and Taylor, 2004 for a recent survey.
2 See Grossman and Krueger, 1995 and Shafik, 1994 for some of the earlier studies.
for residential construction purposes. This pressure can in turn lead to changes in the regulation of the use of land. However, in some countries the possibility to build in forested areas is heavily restricted.
One way in which such regulations can be circumvented is the event of a wildfire that drastically reduces the environmental value of a forest, thus easing restrictions and allowing more (formerly forested) land to be freed for building activity. In fact, the media as well as environmental organizations in different countries have often raised concerns about arson by property speculators trying to build on forest land. This study is, to my knowledge, the first to empirically investigate the relevance of such claims. If the evidence supports them, as I show, then there are clear policy implications to be derived. Land use regulations should be designed taking into consideration the incentives they may generate regarding the potential induction of forest fires. For instance, some countries (such as Greece) restrict changes in the use of land for a number of years after a forest is affected by wildfire, trying to limit the effectiveness of forest fire as a means to increase the supply of land for building purposes. Additional measures should be taken to ensure that such laws are in fact implemented, since their effectiveness in practice has been questioned.
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I use data on forest fires, changes in the use of land and economic activity in Spanish regions over a fifteen-year period (1991 through 2005) . The reasons why Spain is an interesting case study are twofold. First, the incidence of forest fires in Spain has increased dramatically over the past few decades, and most of them are thought to be human-induced.
"Many Mediterranean states have laws against building on burned forest land (…).
Corruption, and weak or clogged legal systems, can undermine such rules, of course."
("Smoke gets in their eyes", The Economist, August 4 th 2007, p. 28).
Second, the construction sector experienced an unprecedented boom during the late 1990's, fueled by a soaring demand for housing and generating intense pressure to increase the availability of land for residential construction.
We find that the regions where housing prices were increasing more rapidly (which we take as an indicator of rising demand for housing) experienced a significantly higher incidence of forest fires. The incidence of forest fires, in turn, led to subsequent changes in the use of land, reducing the amount of forest area and increasing urban land area (i.e. land where building activity takes place). We take this evidence as suggesting that economic growth in Spain between 1991 and 2005, which relied heavily on the construction sector, had a direct negative effect on environmental quality through the degradation of the status of forests.
The remainder of the paper is organized as follows. Section 2 presents some background information on land use and the incidence of forest fires in Spain, and it discusses the recent evolution of the construction sector and housing prices. Section 3 describes the data and the econometric methodology, and the results are introduced in section 4. Section 5 summarizes the findings and concludes. Moreover, a worrying trend towards an increasing number of blazes has been observed in Spain in recent decades (see figure 1 ). In the 1960's, less than 2,000 fires were detected a year, while in 1995 the figure reached almost 26,000. This trend is also reflected in the evolution of the land area affected by forest fires (the yearly average was 118,000 acres in the 1960's, compared with 365,000 between 1994 and 2004).
Not much is known about the causes of the increasing incidence of forest fires in Spain.
Estimates The use of land is heavily regulated in Spain. The general guidelines are outlined in a federal law, which dictates that land can be classified as urban, potentially urban (i.e. where building activity is allowed), and rustic land (where building activity is heavily restricted).
The authority to actually classify land into each category lies with the municipalities, although local authority plans need to be approved at the regional or national level and should follow the general guidelines indicated in the federal law. Any building activity in rustic land must be approved at the regional level. In practice, the local authority can easily rezone land from rustic to potentially urban, although justification needs to be provided to the regional or national government, and forests are especially protected and difficult to rezone. 
Data and Methodology
The analysis proceeds in two steps. First, we show that economic activity in general and the profitability of construction activity in particular affected the incidence of forest fires. Then we show that the incidence of forest fires led to changes in the use of land from (more heavily protected) forest area to urban land (where building activity takes place).
If forest fires are being used as a means to induce rezoning, it is reasonable to expect that there would be a relationship between the profitability of building activities in an area 10 Garcia-Montalvo (2001) finds that construction costs are not significant in explaining the regional variation in house prices in Spain.
and the incidence of forest fires. In order to test this hypothesis, I collect data at the regional level (there are 50 provinces in Spain) on economic activity, housing prices and the incidence of forest fires between 1991 and 2005.
The Ministry of the Environment publishes data on the yearly number of forest fires and the land area damaged by fire by region from 1991 to 2005. 11 I also collect information on regional economic activity, measured by total population and per capita GDP, from the National Statistical Office.
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In order to measure more directly the pressure on the supply of land created by an increased demand for residential construction, I also collect data on the price of the square meter of housing by region. The Ministry of Housing (2007) Of course, in order to capture the causal effect of economic activity and house prices on the incidence of forest fires, we need to account for other factors that may affect forest fires and at the same time be correlated with economic activity. One set of such factors may be geographical, such as the regional climate and the geological features of the land. I account for these factors through the inclusion of region fixed effects. There could also be unobserved factors that vary over time, such as periods of drought affecting both economic patterns and wildfires, or changes in national fire prevention or extinction policies. We thus also include year fixed effects. Our main specification is the following:
Where i indexes regions, t is the year, F is a measure of the incidence of forest fires (such as the number of blazes or the surface burned), P is an index for the price of housing, N is total population in the region, and GDP is the per capita gross domestic product of the region. The combined data set, then, includes forest fire variables, house prices, population and GDP data by region between 1991 and 2004. 15 The number of observations is 700 (50 provinces times 14 years). The price variables reflect house prices in December of the previous year, or the first quarter of a given year (depending on which of the two price sources we use), while the forest fire variables refer to all fires that took place during the whole (subsequent) year.
The model is estimated for six different dependent variables that provide alternative measures of the incidence of forest fires: total number of blazes, number of small blazes (less than 2.5 acres affected), number of large blazes, total surface affected, tree area affected, and non-tree area affected.
Once it is established that economic activity affects the incidence of forest fires, I turn to demonstrate that forest fires have a direct influence on the use of land. Thus I also collect data on the uses of land in each region and over time, where land is classified as either agricultural, pasture, forested, or urban. 16 Obviously, economic activity can affect the use of land directly and not only through forest fires, thus all the economic activity indicators are included as controls. In particular, we allow housing prices to have a direct effect on the use of land. We also account for unobserved region-specific characteristics through region fixed effects, and allow for time-varying factors (such as legal changes at the national level)
that are common to all regions through year dummies. The second-step specification is thus:
Where j indexes the four different uses of land and L measures the land area (in hectares) corresponding to each type of land use every year. Note that equation 2 actually denotes four separate regressions, one for each use of land (j). We are interested in the four coefficients ρ j , which measure the rate at which an acre of forest affected by wildfire remains classified as forest area in subsequent years or gets converted into other uses of land. Note that the four ρ j coefficients always sum up to zero. For instance, if forest fires did not affect the use of land, all four coefficients would equal zero. At the other extreme, if each acre damaged by fire was converted into urban land, the coefficient would be -1 in the forest land area regression and 1 in the urban land one.
We estimate the four regressions jointly as seemingly unrelated regressions (Zellner, 1962) to account for the fact that the four uses of land must sum up to total land area, and thus the error terms in the four regressions are bound to be correlated. We also estimate additional specifications where we add further lags of the incidence of forest fires 16 Source: Spanish National Statistical Institute (www.ine.es). measures, to account for the possibility that it may take more than one year to change the use of land.
Results
4.1 Economic activity and the incidence of forest fires Table 2 shows some descriptive statistics for the two samples used to estimate equation 1.
The first sample, using data on house prices in the main city of each region (from Sociedad Between 1991 and 2004, on average almost 3,000 hectares a year were affected by wildfire in each region, resulting from almost 400 blazes. Average population in each region was about 800,000 inhabitants, and per capita GDP reached on average 12,260 euros, also with large dispersion across regions. The data on house prices refer to the month of December of the previous year. 18 In this case, the data on house prices refer to the first quarter of each year.
1 and 4 display the coefficients from random effects estimation, while the rest present the region fixed effect results. In addition, columns 3 and 6 include region-specific linear trends. The preferred specifications are shown in columns 2 and 3 (full sample with region fixed effects).
Note that total population in a region does not appear to be a significant determinant of the incidence of forest fires for either of the two dependent variables, and the sign changes across specifications. Per capita GDP and its square are significant in specification 3 for land area affected by forest fires. This pattern suggests an inverse U-shaped relationship between income and the incidence of forest fires, i.e. as per capita GDP increases in a region, the incidence of forest fires rises, but after a certain income threshold, the sign of the relationship is reversed.
However, our focus here is on a specific source of income growth: that associated with construction activity. House prices are included as a proxy for the profitability of residential construction activity in a region. The estimated effect of house prices on the incidence of forest fires is positive in all specifications, and often statistically significant, especially in the specifications for number of fires. The magnitude of the effect suggests that a 3-euro increase in the price of the square meter leads to one extra fire per year in the region, or about 10 extra hectares affected by forest fires.
Note that these results are unlikely to be driven by endogeneity bias. The region fixed effects account for unobserved region-specific heterogeneity, and the controls for population and per capita GDP account for overall changes in economic activity across regions and over time.
One may think that the incidence of forest fires has a direct impact on house prices, since deforestation may reduce the environmental quality of the region, thus making the location less attractive and reducing the demand for housing. However, note that this source of reverse causality would generate a negative correlation between house prices and forest fires, thus our results can be thought of as underestimating the causal effect of housing prices on the incidence of forest fires. Note also that the timing of the variables at least partially corrects for possible reverse causality (the price data are lagged with respect to the incidence of forest fires over the following year).
Additional specifications are estimated that include population squared as a control, which is typically not significant. Also, we estimate separate specifications for the four additional measures of the incidence of forest fires: the number of small and large blazes, and the tree area affected versus non-tree area affected. 19 The results suggest that the effect of house prices on the incidence of forest fires takes place through an increase in the number of small blazes that affect both tree and non-tree area.
Forest fires and land use
Next we estimate the set of four regressions described by equation 2, where the four dependent variables correspond to the four alternative uses of land (forest, urban, agricultural or pastures). The data on land use spans from 1992 to 2003, thus the sample size is now 600. On average, forest area was 327,270 hectares (about 810,000 acres) per region (see table 4), slightly less than the land area dedicated to agricultural activity and twice the size of urban land area.
The models for changes in land use in a region include the same controls as the previous specifications (population and per capita GDP), as well as measures of the 19 These results are available upon request.
incidence of forest fires during the previous year (both total number of fires and total land area affected by forest fires). Housing prices are also included since they may have a direct effect in addition to the indirect one through inducing forest fires. For instance, increases in the demand for housing in a region may lead to a direct rezoning of some forest area for residential construction purposes.
First I report the results of the deforestation regressions, i.e. the specifications where I estimate the extent to which the incidence of forest fires leads to a reduction in the land area classified as forest the following year. The main results are displayed in table 5. There appears to be a negative although weakly significant relationship between total population and forest area, as one may have expected. There is also some evidence suggesting that income growth leads to deforestation (see specification 3). House prices, on the other hand, don't seem to have a direct significant association with deforestation, although the sign tends to be positive, possibly reflecting reverse causality.
The most consistent result shows that more land area affected by forest fire the previous year leads to deforestation, i.e. a significant reduction in forest area the following year.
Each acre affected by wildfire leads to a subsequent drop in forest area of 0.4 to 0.8 acres of land.
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These changes in the use of land could imply a corresponding increase in agricultural land, urban land, or pastures. Since our goal is to test whether forest fires are induced in order to rezone forest land as urban, Table 6 shows the effect of the incidence of forest fires 20 Additional specifications are estimated adding second lags for both measures of the incidence of forest fires. The second lags are never statistically significant. These results are available upon request.
on urban land area in subsequent years. The results suggest that the decrease in forest land area following a forest fire translates almost one to one into increases in urban land, i.e.
land where building activity takes place. Results are reported for specifications that include one and two lags for the incidence of forest fires. Both lags are significant in the preferred specification (column 4). Each acre of land damaged by a forest fire leads to a significant increase in urban land of 0.6 to 0.7 acres the following year, and 0.2 to 0.4 additional ones the year after.
Finally, table 7 shows the effect of the incidence of forest fires on the remaining two alternative uses of land. There is a small (and usually insignificant) negative effect of forest fires on agricultural land area, and this seems to be mirrored by a by a small increase in pastures.
Conclusions
The results provide evidence suggesting that the combination of land-use restrictions and an increasing demand for housing can generate incentives to induce forest fires as a means to circumvent regulation and increase the supply of land available for residential construction. This is one so-far unexplored channel through which economic activity can generate environmental hazards.
The media in different countries often report the suspicion that the recent increase in the incidence of forest fires may be driven by arson committed by property speculators trying to build on forest land. These reports have been particularly common in recent years in
Mediterranean countries, where rising incomes have fuelled a construction boom that has certainly generated strong economic incentives for arsonists. However, these suspicions have never been backed by hard evidence. This paper is the first to attempt an empirical test of such claims.
I collect official data on the yearly incidence of forest fires by region in Spain between 1991 and 2004. I also construct series of the price of housing by region during the same period. I then estimate the effect of the price of new housing on the incidence of forest fires by province, including controls for economic activity, year dummies and region fixed effects. The results suggest that higher house prices in a region lead to an increase in the incidence of forest fires. The effect is significant and its magnitude is not negligible: an increase in the price of housing of one standard deviation (360 euros) leads to an additional 120 fires a year in a province (for a mean of 389), affecting 4,000 acres (for an average of 7,400).
I also collect official data on the use of land, and find that forest fires indeed lead to a reduction in forest area and a subsequent increase in urban land area, where residential construction takes place. In particular, each acre affected by forest fire leads to a decrease of about 0.8 acres in forest area the following year, and a corresponding increase in urban land area.
These findings suggest that policy makers should take into account the potential perverse incentives generated by land-use regulation. One example can be found in the countries that restrict the rezoning of forest land for a number of years after the area is 1 9 6 1 1 9 6 4 1 9 6 7 1 9 7 0 1 9 7 3 1 9 7 6 1 9 7 9 1 9 8 2 1 9 8 5 1 9 8 8 1 9 9 1 1 9 9 4 1 9 9 7 2 0 0 0 2 0 0 3 number of forest fires (in thousands)
Source: Spanish Ministry of the Environment (http://www.mma.es). Note: The number of observations is 500 (50 provinces times 10 years). The total number of fires equals the number of small blazes, plus the number of large blazes, plus the number of reproductions. The price of housing refers to the first quarter of each year. Note: The number of observations is 600 (50 provinces times 12 years). The total number of fires equals the number of small fires, plus the number of large fires, plus the number of reproductions. 
